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(54) Wireless communication system, weight 
method 

(57) Signals received by a plurality of antenna ele- 
ments (11 ,1 2, 1 3, 1 4) are supplied to a beam forming cir- 
cuit (51,52) via a distributor (41,42,43,44). The beam 
forming circuit (51 ,52) weights and combines the signals 
to output a reception signal corresponding to a beam 
having a predetermined directionality pattern. A weight 
used to control weighting and combining is set by a 
weight controller (7). Upon receiving a registration re- 
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control apparatus, and weight vector generation 



quest from an unregistered terminal, the weight control- 
ler (7) calculates a weight vector used to form a beam 
having null directionality toward that terminal, and max- 
imum directionality toward the range of an area other 
than an area where the terminal is located of a plurality 
of areas obtained by dividing the area covered by the 
antenna elements (11 ,12,13,14) in accordance with di- 
rection. 
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Descripti n 



[0001] The present invention relates to a wireless 
communication system for making space-division mul- 
tiple access, a weight control apparatus, and a w ight 
vector generation method. 

[0002] In an FWA (Fixed Wireless Access) system, a 
base station and fixed terminal station make wireless, 
high-speed communications, in a point-to-multipoint 
(P-MP) system, a base station communicates with a plu- 
rality of terminal stations. In the P-MP system, space- 
division multiplex access (SDMA) is known as means 
for increasing the subscriber capacity. As shown in FIG. 
16, an adaptive array 1002 arranged in a base station 
1 001 forms orthogonal beams that do not interfere with 
ach other. These beams allow simultaneous commu- 
nications of a plurality of terminals 1 003. 
[0003] FIG. 1 7 shows an arrangement of the adaptive 
array 1002 when the multiplexing degree = 2. In beam 
forming circuits 1 051 and 2051 , appropriate weight vec- 
tors are set in weighting devices 1 501 to 1504 and 2501 
to 2504. These weighting devices and combiners 1512 
and 2512 weight and combine the outputs from antenna 
elements 1011 to 1014, thereby forming orthogonal 
beams having maximum directionality toward one ter- 
minal, and null directionality toward the other terminal. 
[0004] The same applies to a case wherein the mul- 
tiplexing degree is more than 3. That is, orthogonal 
beams are formed to have maximum directionality to- 
ward the objective terminal, and null directionality to- 
ward a plurality of remaining terminals. 
[0005] In the conventional system, weights for form- 
ing orthogonal beams used to attain space-division mul- 
tiplex access are individually calculated and held in cor- 
respondence with all combinations of terminals while 
considering the multiplexing degree for a given number 
of base stations. For example, when the multiplexing de- 
gree = 2 and the total number of terminals = n, the 
number of combinations of weights to be calculated and 
held as combinations of terminals is n x (n - 1 ). There- 
fore, the number of combinations of weights to be held 
becomes huge with increasing number of registered ter- 
minals which must undergo space-division multiplex ac- 
cess. 

[0006] A wireless communication system that makes 
packet communications by CSMA/CA is known. 
[0007] FIG. 22 shows the arrangement of an 
IEEE802.11 wireless LAN system using CSMA/CA. A 
base station 900 senses carriers before transmission of 
packets to a terminal 911 . Upon receiving packets con- 
taining channel reserve information from a terminal 91 3, 
the base station 900 postpones packet transmission 
during that reserved period. After that, the base station 
900 waits for a random time period (back-off process) 
calculated by a controller 901 , and transmits packets ad- 
dressed to a target t rminal 911 . If the received data is 
correct, the target terminal 911 transmits an acknowl- 
edge response packet (ACK) to the base station after 



an elapse of a predet rmined period of time. If the base 
station 900 fails to receiv ACK from the targ t terminal 
911 after an elapse of a predet rmined period of time, 
it executes th back-off process using th controller 901 
5 and transmits data again. 

[0008] On the other hand, an adaptive array can im- 
prove communication quality by forming beams that re- 
duce interference from a neighboring cell, as shown in 
FIG. 23. 

10 [0009] The adaptive array generally makes beam 
control on the basis of a received signal. For example, 
a direction-constrained power minimization method 
suppresses all received signals as interfering signals 
while holding the gain in a specific direction. Therefore, 
15 if a situation in which only an interference wave from a 
neighboring cell arrives is formed, and the direction-con- 
strained power minimization method is used in this sit- 
uation, beams that can cover a specific area in the self 
cell and can remove the interference wave can be 
20 formed. 

[0010] However, in order to suppress all co-channel 
interference waves from a neighboring cell, the number 
of antenna elements must be increased, resulting in a 
large apparatus scale. 
25 [0011] Since the IEEE802.11 wireless LAN system 
using CSMA/CA does not make integrated control of 
packet transmission, as described above, it is difficultto 
form a situation in which only terminals or base stations 
to be suppressed transmit packets. As a result, a termi- 
30 nal of the self cell transmits packets in place of the ter- 
minal or base station to be suppressed, and unwanted 
beams that suppress such packets are formed. 
[0012] The present invention has been made in con- 
sideration of the above situation, and has as its object 
35 to provide a wireless communication system, weight 
control apparatus, and weight vector generation meth- 
od, which can prevent the number of weights to be held 
from increasing abruptly even when the number of ter- 
minals increases, since orthogonal beams are not pre- 
40 pared in correspondence with combinations of terminals 
upon space-division multiplex access. 
[0013] It is another object of the present invention to 
reduce the apparatus scale by limiting the number of in- 
terference waves to be suppressed in a wireless com- 
45 munication system that makes packet communications 
using CSMA/CA, and to form a situation in which only 
interference waves to be suppressed are present so as 
to form beams which remove these interference waves. 
[0014] According to one aspect of the present inven- 
so tion, there is provided a wireless communication system 
which allows simultaneous communications with a plu- 
rality of terminals by space-division multiplex access, 
comprising: a plurality of antenna elements that receive 
a signal transmitted from the terminals; a plurality of 
55 beam forming units configur d to output reception sig- 
nals corresponding to beams having pred termined di- 
rectionality patt rns by weighting and combining recep- 
tion signals receiv d by the plurality of antenna ele- 
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ments; and a controller configured to set weight vectors 
used to control weighting and combining in the plurality 
of beam forming units, wh rein when the controller re- 
ceives a registration request from an unregist red ter- 
minal, the controller calculates and stores at I ast one 
of the weight vectors used to form a beam having null 
directionality toward the unregistered terminal and max- 
imum directionality toward a specific area other than an 
area where the unregistered terminal is located of areas 
obtained by dividing a cover area covered by the wire- 
less communication system. 

[0015] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0016] The invention can be more fully under stood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a view for explaining an FWA system ac- 
cording to the first embodiment of the present in- 
vention; 

FIG. 2 is a block diagram showing an example of 
the arrangement of an adaptive array according to 
the first embodiment; 

FIG. 3 shows a cover area of a base station accord- 
ing to the first embodiment, which is divided into a 
plurality of areas; 

FIG. 4 is a block diagram showing an example of 
the arrangement of a terminal classification unit of 
the adaptive array according to the first embodi- 
ment; 

FIG. 5 shows beams formed by initial weights ac- 
cording to the first embodiment; 
FIG. 6 is a flow chart showing an example of a reg- 
istration sequence of a terminal according to the 
first embodiment; 

FIG. 7 shows beams formed by initial weights ac- 
cording to the first embodiment; 
FIG. 8 shows beams having null directionality to- 
ward terminals according to the first embodiment; 
FIG. 9 shows beams having null directionality to- 
ward terminals according to the first embodiment; 
FIG. 10 is a table showing an example of the stor- 
age contents of a correspondence storage unit ac- 
cording to the first embodiment; 
FIG. 11 is a flow chart showing an example of a 
space-division multiplex access sequence for two 
terminals according to the first embodiment; 
FIG. 12 shows beams upon space-division multi- 
plex access for two terminals according to the first 
embodiment; 

FIG. 13 is a block diagram showing an example of 
an adaptive array according to the second embod- 
iment of th present invention; 
FIG. 1 4 is a flow chart showing an example of a reg- 
istration sequence of a t rminal according to the 
second embodim nt; 
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FIG. 1 5 is a table showing an xample of the stor- 
age contents of a correspondence storage unit ac- 
cording to the second embodiment; 
FIG. 16 is a view for xplainingaconv ntional point- 
to-multipoint system; 

FIG. 17 is a block diagram showing an example of 
the arrangement of a conventional adaptive array 
when the multiplexing degree is 2; 
FIG. 1 8 is a diagram for explaining a wireless com- 
munication system according to the third embodi- 
ment of the present invention; 
FIG. 19 is a flow chart showing a control method of 
an adaptive array for a wireless base station ac- 
cording to the third embodiment; 
FIG. 20 is a diagram for explaining the internal ar- 
rangement of a controller of the adaptive array ac- 
cording to the third embodiment of the present in- 
vention; 

FIG. 21 is a diagram for explaining a wireless com- 
munication system according to the fourth embod- 
iment of the present invention; 
FIG. 22 is a diagram for explaining a conventional 
IEEE802.11 wireless LAN system using CSMA/CA; 
and 

FIG. 23 is a diagram for explaining conventional 
adaptive array antennas. 



[0017] Embodiments of the present invention will be 
described hereinafter with reference to the accompany- 
30 jng drawings. 

(First Embodiment) 



[0018] FIG. 1 shows an example of an FWA (Fixed 
35 Wireless Access) system including a base station 1 to 
which the first embodiment of the present invention is 
applied. 

[0019] A base station 1 comprises an adaptive array 
(wireless communication system) 2, and can make si- 
40 multaneous communications with a plurality of terminals 
3 via a single channel by avoiding interference between 
terminals using the adaptive array 2. Note that FIG. 1 
illustrates a 90° sector, but the present invention is not 
limited to this. 

^5 [0020] Note that this embodiment will exemplify 
space-division multiplex access (SDMA) of two termi- 
nals using an adaptive array consisting of four antenna 
elements. 

[0021] FIG. 2 shows an example of the arrangement 
50 of the adaptive array arranged in the base station ac- 
cording to this embodiment. 

[0022] As shown in FIG. 2, the adaptive array of this 
embodiment comprises m (m is a plural number; m = 4 
in FIG. 2) antenna elements 11 to 14, m amplifiers (low 
55 noise amplifiers) 21 to 24, m frequency convert rs 31 to 
34, m distributors 41 to 44, n (n is a plural number; n = 
2 in FIG. 2) beam forming circuits 51 and52,nr ceivers 
61 and 62, and a weight controller 7. 
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[0023] Th beam forming circuit 51 includes m 
weighting devices 5111 to 5114, and a combiner 512. 
Likewise, the beam forming circuit 52 includes m weight- 
ing devices 5211 to 5214 and a combiner 522. 
[0024] Furthermore, the weight controller 7 includes 
a terminal classification unit 71 , terminal storage unit 72, 
weight calculation unit 73, weight storage unit 74, and 
weight selection unit 75. 

[0025] Note that the base station may comprise a plu- 
rality of adaptive arrays shown in FIG. 2. For example, 
when the adaptive array shown in FIG. 2 covers a 90° 
sector, the base station can cover 360° full directions if 
it comprises four adaptive arrays. 
[0026] In the adaptive array shown in FIG. 2, recep- 
tion signals received by the antenna elements 11 to 14 
are respectively input to the corresponding amplifiers 21 
to 24. The amplifiers 21 to 24 respectively amplify the 
reception signals. 

[0027] The reception signals amplified by the amplifi- 
ers 21 to 24 are respectively input to the corresponding 
frequency converters 31 to 34. The frequency convert- 
ers 31 to 34 respectively convert the frequency bands 
of the reception signals from radio frequency (RF) to in- 
termediate frequency (IF) or baseband (BB). 
[0028] The reception signals frequency-converted by 
the frequency converters 31 to 34 are respectively input 
to the corresponding distributors 41 to 44. The distribu- 
tors 41 to 44 distribute the reception signals and output 
them to the beam forming circuits 51 and 52. 
[0029] In this way, the beam forming circuit 51 re- 
ceives the reception signals received by the antenna el- 
ements 1 1 to 1 4 from the distributors 41 to 44. The same 
applies to the beam forming circuit 52. 
[0030] The reception signals input to the beam form- 
ing circuit 51 are respectively weighted by the weighting 
devices 5111 to 5114, and are then combined by the 
combiner 512. The combined signal is sent to the re- 
ceiver 61 . The same applies to the beam forming circuit 
52. 

[0031] The weights in the weighting devices 5111 to 
5114 and 5211 to 5214 are appropriately set by the 
weight controller 7. 

[0032] in the above description, the reception signals 
are analog signals. Also, using A/D converters and the 
like, weighting can be done in a digital signal domain. 
[0033] The weight controller 7 will be described in de- 
tail below. 

[0034] Note that this embodiment will examine a case 
wherein the cover area (by the adaptive array in FIG. 2) 
of the base station is divided into a plurality of areas in 
accordance with direction viewed from the base station, 
as shown in FIG. 3, and a given terminal belongs to one 
of the plurality of areas. FIG. 3 exemplifies a case 
wherein when the cover area of the base station is di- 
vided into seven areas A1 to A7, a terminal T1 belongs 
to the area A2, and a terminal T2 belongs to the area 
A5. The ar a configuration shown in FIG. 3 will be taken 
as an example in the following description. Of cours , 



th present invention may be applied even when the 
cover area is divided into another number of areas, or 
when the cover ar a is divided unequally, 
[0035] The terminal classif ication unit 71 in the weight 

5 controller 7 estimates on of the plurality of areas ob- 
tained by dividing the cover area of the base station, 
where the target terminal 3 is located (one of the areas 
A1 to A7 in FIG. 3) on the basis of the reception signal 
from the terminal 3. 

w [0036] After the area to which the terminal 3 belongs 
is estimated, a correspondence between identification 
information for identifying the terminal 3, and identifica- 
tion information for identifying the area to which the ter- 
minal 3 belongs, and which is estimated by the terminal 

15 classification unit 71 is stored as terminal-area corre- 
spondence information in a correspondence storage 
unit 72 (see FIG. 10; FIG. 10 shows an example of the 
contents after the terminals T1 and T2 have been reg- 
istered, as will be described later). 

20 [0037] The weight calculation unit 73 calculates a 
weight for forming a beam having null directionality to- 
ward the terminal 3 and maximum directionality toward 
the range of a specific area other than the area to which 
the terminal 3 belongs, on the basis of the contents of 

25 the terminal-area correspondence information stored in 
the correspondence storage unit 72 using the reception 
signal from the terminal 3 (null directionality points to 
that terminal, while maximum directionality points to 
(one of directions) the range of the corresponding area). 

30 This weight is calculated for a case wherein each of all 
areas other than the area to which the terminal 3 be- 
longs or each of areas that satisfy a predetermined con- 
dition other than the area to which the terminal 3 belongs 
is assumed to be the specific area. In the example of 

35 the arrangement shown in FIG. 2, the weight is a four- 
dimensional vector. 

[0038] The weights calculated by the weight calcula- 
tion unit 73 are stored in the weight storage unit 74 so 
that the corresponding terminal (i.e., aterminal to which 
40 null directionality is pointed) and the corresponding area 
(an area to which maximum directionality is pointed) can 
be specified. 

[0039] Upon making space-division multiplex access 
(SDMA) fortwo terminals, when the weight used to form 

45 a beam having null directionality toward the second ter- 
minal and maximum directionality toward the range of 
the area to which the first terminal belongs, and the 
weight used to form a beam having null directionality to- 
ward the first terminal and maximum directionality to- 

50 ward the range of the area to which the second terminal 
belongs, are stored in the weight storage unit 74, the 
weight selection unit 75 sets these two weights respec- 
tively in the weighting devices 51 1 1 to 51 1 4 of the beam 
forming circuit 51 and the weighting devices 5211 to 

55 521 4 of the beam forming circuit 52. In this fashion , even 
when an identical channel is used, the beam forming 
circuit 51 can supply the reception output from the first 
terminal to the receiv r 61 , and the beam forming circuit 
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52 can supply the reception output from the second t r- 
minal to th receiver 62 (of course, corr spondenc be- 
tween the terminals and the beam forming circuits/re- 
ceivers may be reversed). In the example of FIG. 3, 
th s two weights correspond to a weight used to form 
a beam having null directionality toward the terminal T2 
and maximum directionality toward the range of the area 
A2 to which the terminal T1 belongs, and a beam having 
null directionality toward the terminal T2 and maximum 
directionality toward the range of the area A5 to which 
the terminal T2 belongs. 

[0040] The arrangement of the terminal classification 
unit 71 will be described in more detail below. 
[0041] FIG. 4 shows an example of the internal ar- 
rangement of the terminal classification unit 71 . 
[0042] An initial weight storage device 711 stores a 
weight used to form a beam having maximum direction- 
ality toward the corresponding area (in a direction of, e. 
g., its central portion), as an initial weight for each of the 
plurality of areas obtained by dividing the cover area of 
the base station. For example, in case of FIG. 3, seven 
different initial weights, i.e., an initial weight used to form 
a beam having maximum directionality toward the area 
A1 an initi a' weight used to form a beam having max- 
imum directionality toward the area A7, are stored. Note 
that the initial weights do not particularly consider the 
directions of null directionality. 

[0043] B1, B2, B3,..., B7 respectively represent 

beams having maximum directionality toward the areas 

A1, A2, A3,..., A7, and W1 , W2, W3 W7 represent 

weights used to form these beams B1 , B2, B3,..., B7. 

[0044] FIG. 5 exemplifies the states of the beams B1 , 

B2, B3,..., B7 formed using the weights W1 W2 W3 
W7. 

[0045] A reception state observation device 712 ob- 
serves a signal from the terminal 3 when upon setting 
the initial weights stored in the initial weight storage de- 
vice 711 in the weighting devices 5111 to 5114 of the 
beam forming circuit 51, and determines an area to 
which maximum directionality of a beam that can assure 
the best reception state of the signal from the terminal 
3 (i.e., an area pointed by maximum directionality of a 
beam formed by the initial weight used in that state) is 
pointed as an area to which the terminal 3 belongs. The 
reception state observation device 712 outputs, as the 
observation result, identification information of the ter- 
minal, and that of the area to which that terminal be- 
longs, to the correspondence storage unit 72. 
[0046] Note that the "best reception state" evaluated 
by the reception state observation device 712 is a re- 
ception state with maximum reception power. Alterna- 
tively, for example, the best reception state may be de- 
fined as a reception state with a maximum signal to 
noise power ratio. 

[0047] In the above description, the beam forming cir- 
cuit 51 is used in observation. Of course, the beam form- 
ing circuit 52 may be used. Also, one of the beam form- 
ing circuits 51 and 52 may be fixedly used, or may be 



selected by a predetermined m thod in each observa- 
tion. Furthermore, different initial weights may be set in 
the two beam forming circuits to observe signals parallel 
to each other. In this way, the time required for evaiua- 
5 tion can be shorten d. 

[0048] With the aforementioned arrangement, an ar- 
ea in which the terminal is currently located can be es- 
timated using only the output from the beam forming cir- 
cuit 51 or 52. 

10 [0049] The weight calculation unit 73 will be explained 
below. 

[0050] The weight calculation unit 73 makes prede- 
termined repetitive calculations based on the reception 
signal from the terminal 3 using the initial weight (i.e., 
'5 an initial weight used to form a beam having maximum 
directionality toward a given area) stored in the initial 
weight storage device 711 as an initial value, thus cal- 
culating a weight used to form a beam (having maximum 
directionality toward a given area and) having null direc- 
20 tionality toward the terminal 3 (i.e., the unit 73 repeats 
calculations of a weight value to converge the direction 
of null directionality to that of the terminal 3). 
[0051] In a practical process forthis purpose, a weight 
vector used to form a beam having a directionality gain 
25 in a desired direction is set as an initial value, and null 
directionality is set in an incoming wave direction while 
this gain is maintained. Required information is only out- 
put power of the beam forming circuit. 
[0052] The operation sequence for making space-di- 
30 vision multiple access (SDMA) for two terminals by the 
base station of this embodiment will be explained below. 
[0053] A case will be examined below wherein the two 
terminals newly subscribe to a service in the order of 
terminal T1 -> terminal T2. As shown in FIG. 3, the ter- 
35 minal T1 is located within the area A2, and the terminal 
T2 is located within the area A5. 
[0054] A registration process when a new terminal 
subscribes will be explained first, and a process upon 
making space-division multiple access (SDMA) for two 
to terminals will be explained. 

[0055] FIG. 6 shows an example of the registration se- 
quence of a new terminal. 

[0056] The registration sequence when the terminal 
T1 subscribes as a new terminal will be explained. 
45 [0057] The terminal T1 sends a registration request 
signal to the base station (step S1). 
[0058] The base station receives the signal from the 
terminal T1 . When the base station recognizes that the 
received signal is a registration request, it assigns an 
50 empty channel to the terminal T1 , and instructs the ter- 
minal T1 to send a signal with predetermined power in 
that assigned channel (step S2). The predetermined 
power value must be appropriately set to eliminate the 
influence of overreach interference from a neighborina 
55 cell. y 

[0059] Th terminal T1 sends a signal using the as- 
signed channel and instructed transmission power (step 
S3). 
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[0060] During this interval, in the base station, the re- 
ception state observation device 712 checks the recep- 
tion power from the t rminal T1 upon setting the initial 
weights W1 , W2, W3,..., W7 stored in the initial w ight 
storage device 711 in the weighting devices 5111 to 
5114 of the beam forming circuit 51 , respectively, and 
stores in the corresponding storage unit 72 the area A2 
(FIG. 7) to which maximum directionality of the beam 
B2 corresponding to the maximum reception power is 
pointed as an area to which the terminal T1 belongs 
(step S4). 

[0061] After that, the weight calculation unit 73 calcu- 
lates a weight used to form a beam having null direc- 
tionality toward the terminal T1 . At this time, in this ex- 
ample, as for an area to which maximum directionality 
is pointed, a condition that areas except for the area A2 
to which the terminal T1 belongs must be separated a 
predetermined angle or more from the area to which the 
terminal T1 belongs is imposed. Also, as another con- 
dition, such area is separated one or more areas from 
th area to which the terminal T1 belongs. Under these 
conditions, areas to which maximum directionality are 
pointed are four areas A4, A5, A6, and A7. 
[0062] More specifically, as shown in FIG. 8, weights 
W_A4_T1 , W_A5_T1 , W_A6_T1 , and W_A7_T1 used 
to form beams B_A4_T1, B_A5_T1, B_A6_T1, and 
B_A7_T1 having null directionality toward the terminal 
T1 and maximum directionality toward the areas A4, A5, 
A6, and A7, which are separated a predetermined angle 
or more from the area A2 to which the terminal T1 be- 
longs, of those except for the area A2 are calculated 
(steps S5 and S6). 

[0063] In this case, upon calculating the weight 
W_A4_T1 , a weight used to form a beam having null 
directionality toward the terminal T1 is calculated by re- 
petitive calculations based on the reception signal from 
the terminal T1 using the initial weight W4 stored in the 
initial weight storage device 71 1 as an initial value. Like- 
wise, the weights W_A5_T1 , W_A6_T1 , and W_A7_T1 
are calculated using the initial weights W5, W6, and W7 
as initial values. 

[0064] These weights W_A4_T1, W_A5_T1, 
W_A6_T1 , and W_A7_T1 calculated by the weight cal- 
culation unit 73 are stored in the weight storage unit 74 
(steps S5 and S6). 

[0065] When maximum directionality is separated a 
predetermined angle or more from null, as described 
above, the gain difference between maximum direction- 
ality and null can be set to be a predetermined value or 
more. 

[0066] With the aforementioned processes, since reg- 
istration of the terminal T1 is complete, the base station 
instructs the terminal T1 to end signal transmission (step 
S7). 

[0067] Subsequently, assume that the terminal T2 
newly subscribes to this service. 
[0068] In this case as well, the same sequence as in 
FIG. 6 is executed. That is, the area A5 to which maxi- 



mum directionality of th beam B5 corresponding to the 
maximum reception power from the terminal T2 is point- 
ed is stored as an area to which that terminal belongs 
in the correspondence storage unit 72. After that, as 
s shown in FIG. 9, weights W_A1_T2, W_A2_T2, 
W_A3_T2, and W_A7_T2 used to form beams 
B_A1_T2, B_A2_T2, B_A3_T2, and B_A7_T2 having 
null directionality toward the terminal T2 and maximum 
directionality toward the areas A1 , A2, A3, and A7, 
w which are separated a predetermined angle or more 
from the area A5 to which the terminal T2 belongs, of 
those exceptforthe area A5 are calculated. In this case, 
the initial weights W1 , W2, W3, and W7 are used as in- 
itial values. The weights calculated by the weight calcu- 
15 lation unit 73 are stored in the weight storage unit 74. 
With the aforementioned process, since registration of 
the terminal T2 is complete, the base station instructs 
the terminal T2 to end signal transmission. 
[0069] FIG. 1 0 shows an example of the storage con- 
20 tents of the correspondence storage device 72 upon 
completion of registration of the terminals T1 and T2. 
[0070] In this embodiment, the registration sequence 
for other terminals T3, T4,... when these terminals T3, 
T4,... newly subscribe to the service after the terminals 
25 T1 and T2 is executed in the same manner as described 
above. 

[0071] A process upon making space-division multi- 
plex access (SDMA) for the two terminals T1 and T2 will 
be explained below. 
30 [0072] FIG. 11 shows an example of the processing 
sequence in this case. 

[0073] The terminals T1 and T2 send communication 
request signals to the base station (step S8). 
[0074] The base station receives the signals from the 
35 terminals T1 and T2. When the base station recognizes 
that these signals are communication requests, since 
the weight W_A5__T1 used to form the beam B_A5_T1 
having null directionality toward the terminal T1 and 
maximum directionality toward the area A5 to which the 
40 terminal T2 belongs, and the weight W_A2_T2 used to 
form the beam B_A2_T2 having null directionality to- 
ward the terminal T2 and maximum directionality toward 
the area A5 to which the terminal T1 belongs are stored 
in the weight storage device 74, the weight selection unit 
45 75 sets, e.g., the weight W_A5_T1 in the weighting de- 
vices 5111 to 5114 of the beam forming circuit 51 , and 
the weight W_A2_T2 in the weighting devices 5211 to 
521 4 of the beam forming circuit 52 (step S9). Of course, 
the correspondence between the weights and beam 
so forming circuits may be different from (reversed to) that 
described above. 

[0075] FIG. 1 2 exemplifies the states of the beams at 
that time. 

[0076] After that, an identical channel is assigned to 
55 the terminals T1 and T2 (step S1 0). 

[0077] In this way, signals from th t rminals T1 and 
T2 can be respectiv ly receiv d by the r ceivers 62 and 
61 without interfering with each oth r (of course, when 
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the correspondence between the w ights and b am 
forming circuits is rev rsed to that described above, sig- 
nals from the terminals T1 and T2 are respectively re- 
ceived by th receiv rs 61 and 62). 
[0078] When a communication is mad with only one 
terminal (e.g., T1) after the weights that consider null 
directionality are calculated, the communication may be 
made using the initial weight (e.g., W2) used to form a 
beam having maximum directionality toward the area A2 
to which the terminal T1 belongs, or using one of weights 
(e.g., W_A2_T2) used to form a beam having maximum 
directionality toward the area A2 to which the terminal 
T1 belongs and null directionality toward a terminal in 
another area. 



(Second Embodiment) 

[0079] Since this embodiment is basically the same 
as the first embodiment, differences between this em- 
bodiment and the first embodiment will be mainly ex- 
plained below. 

[0080] FIG. 13 shows an example of the arrangement 
of an adaptive array arranged in a base station accord- 
ing to this embodiment. 

[0081] As shown in the example of the arrangement 
of the adaptive array in FIG. 13, this embodiment is dif- 
ferent from the first embodiment in that an initial value 
selection unit 76 is added to the example of the arrange- 
ment of the adaptive array of the first embodiment 
shown in FIG. 2. 

[0082] This initial value selection unit 76 selects the 
weight stored in the initial weight storage device 711 of 
the terminal classification unit 71 or that (used to form 
a beam having null directionality toward a given terminal 
and maximum directionality toward the range of a given 
area) stored in the weight storage unit 74 on the basis 
of the registration record (terminal-area correspond- 
ence information) stored in the correspondence storage 
unit 72, and inputs the selected weight as an initial value 
to the weight calculation unit 73. 

[0083] When the weight storage unit 74 stores a plu- 
rality of weights that can be selected, one of these 
w ights can be selected based on a predetermined cri- 
terion (e.g., random or appropriate order, a weight gen- 
erated first, a weight generated latest, or the like). 
[0084] A process executed when a terminal T3 which 
belongs to the same area as the terminal T2 newly sub- 
scribes to a service after registration of the terminals T1 
and T2 will be explained below. 

[0085] The process at that time is basically the same 
as that in the registration sequence of the terminals T1 
and T2 mentioned above, except that the initial value 
selection^ unit 76 selects an initial value of a weight in 
weight calculations as needed. 

[0086] FIG. 14 shows an exampl of the proc ssing 
sequence in such cas (which has basically the sam 
flow of sequence as in FIG. 6). 

[0087] The terminal T3 sends a registration request 



signal to the bas station (step S11 ). 
[0088] The base station receives the signal from the 
terminal T3. When the base station recognizes that the 
received signal is a registration requ st, it assigns an 
5 empty channel to the terminal T3, and instructs the t r- 
minal T3 to send a signal with predetermined power 
(steps 12). 

[0089] The terminal T3 sends a signal with the desig- 
nated power in the assigned channel (step S13). 
w [0090] The base station stores the area A5 to which 
maximum directionality of the beam B5 corresponding 
to the maximum reception power from the terminal T3 
in the correspondence storage unit 72 is pointed as an 
area to which that terminal belongs (step S14). 
15 [0091] FIG. 1 5 shows an example of the storage con- 
tents of the correspondence storage unit 72 upon com- 
pletion of registration of the terminal T3. 
[0092] After that, the initial value selection unit 76 se- 
lects an initial value of a weight to be input to the weight 
20 calculation unit 73. Initially, the initial value selection unit 
76 looks up the contents of the correspondence storage 
unit 72. When the unit 76 detects that the terminal T2 
has already been registered in the area A5 to which the 
terminal T3 belongs, it inputs weights W_A1_T2, 
25 W_A2_T2, W_A3_T2, and W_A7_T2, which are stored 
in the weight storage unit 74 and have null directionality 
toward the terminal T2, to the weight calculation unit 73 
as initial values of weights. If a plurality of terminals have . 
already been registered in the area A5 to which the ter- 
30 minal T3 belongs, a weight corresponding to a minimum 
reception signal from the terminal T3 may be used as 
an initial value. 

[0093] If the terminal T3 belongs to an area different 
from those of the already registered terminals T1 and 

35 T2, it is detected that no terminal has been registered 
yet in the area to which the terminal T3 belongs. In such 
case, the initial weights W1 , W2, W3, and W7 stored in 
the initial weight storage device 71 1 of the terminal clas- 
sification unit 71 are input to the weight calculation unit 

to 73 as initial values of weights (in this case, the same 
calculations as in the first embodiment are consequently 
made). 

[0094] After that, the weight calculation unit 73 calcu- 
lates weights W_A1_T3, W_A2_T3, W_A3_T3, and 

45 W_A7_T3 used to form beams B_A1_T3, B_A2_T3, 
B -A3__T3, and B_A7_T3 having null directionality to- 
ward the terminal T3 and maximum directionality toward 
the areas A1, A2, A3, and A7, which are separated a 
predetermined angle or more from the area A5 to which 

so the terminal T3 belongs, of those except for the area A5 
(steps S15 and S16). 

[0095] The weights calculated by the weight calcula- 
tion unit 73 are stored in the weight storage unit 74 
(steps S15 and S16). 
55 [0096] With the aforementioned processes, since reg- 
istration of the terminal T3 is complet , the base station 
instructs the terminal T3 to end signal transmission (step 
S17). 
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[0097] In this manner, when another terminal has al- 
ready been registered in an identical area, the weights 
calculated for that already registered terminal can be 
us d as initial values. In this case, since beams having 
null directionality toward the vicinities of the direction of 
th terminal T3, have already been formed while the in- 
itial values of the weights are set, the number of repet- 
itive calculations required to calculate weights used to 
form beams having null directionality toward the termi- 
nal T3 and maximum directionality toward the areas A1 , 
A2, A3, and A7, can be reduced. Therefore, channels 
to be assigned to the terminal T3 for null control can be 
reduced. 

[0098] Note that the operation sequence upon making 
space-division multiplex access (SDMA) for two termi- 
nals by the base station of this embodiment is the same 
as that in the first embodiment. 

[0099] For example, upon making space-division mul- 
tiplex access (SDMA) for the two terminals T1 and T3, 
the weight W_A5_T1 used to form the beam B_A5_T1 
having null directionality toward the terminal T1 and 
maximum directionality toward the area A5 to which the 
terminal T2 belongs, and the weight W_A2_T3 used to 
form the beam B_A2_T3 having null directionality to- 
ward the terminal T3 and maximum directionality toward 
the area A5 to which the terminal T1 belongs, are used. 
[0100] In the examples described in the first and sec- 
ond embodiments, the multiplexing degree is 2. Of 
course, the present invention can be applied to a case 
wherein the multiplexing degree is 3 or more. Even in 
such case, the number of weights to be held can be 
smaller than that in the prior art. 

[0101] For example, when the multiplexing degree is 

3, 

assuming that terminals T1 to T3 simultaneously 
make communications using a single channel, and re- 
spectively belong to areas A1 , A3, and A5, 

for the terminal T1 , a weight W_A1_T2_T3 used 
to form a beam having null directionality toward the ter- 
minals T2 and T3 and maximum directionality toward 
the area A1 to which the terminal T1 belongs, 

for the terminal T2, a weight W_A3_T1_T3 used 
to form a beam having null directionality toward the ter- 
minals T1 and T3 and maximum directionality toward 
the area A3 to which the terminal T2 belongs, and 

for the terminal T3, a weight W_A5_T1_T2 used 
to form a beam having null directionality toward the ter- 
minals T1 and T2 and maximum directionality toward 
the area A5 to which the terminal T3 belongs, 

can be respectively set in three beam forming cir- 
cuits. 

[0102] Even when the multiplexing degree are 3 or 
more, the same effect can be obtained when the initial 
value selection unit 76 of the second embodiment se- 
lects initial values for w ight calculations. 
[0103] As described above, according to this embod- 
iment, an ar a to which a giv n t rminal b longs of a 
plurality areas obtained by dividing the cover area of the 



base station in accordanc with direction is estimated 
in place of preparing for orthogonal beams in corre- 
spondence with combinations of terminals, and weights 
used to form a b am having null directionality toward a 
5 terminal and maximum directionality toward a giv n ar- 
ea are held, thus reducing the number of weights to be 
held. 

[0104] Also, according to this embodiment, weights 
used to form beams having maximum directionality to- 

10 ward a plurality of areas obtained by dividing the cover 
area of the base station are pre-stored, and an area to 
which maximum directionality of a beam which allows 
reception of a signal from a terminal with the highest re- 
ception power or signal to noise ratio upon setting these 

15 weights in the weighting devices is pointed is deter- 
mined as an area to which the terminal belongs. Hence, 
an area to which the terminal belongs can be estimated 
using only the output from the beam forming means. 
[0105] Furthermore, according to this embodiment, 

20 upon calculating weights used to form beams having 
null directionality toward a terminal and maximum direc- 
tionality toward a given area, since weights used to form 
beams having maximum directionality toward the given 
area are set as initial values, the number of required re- 

25 petitive calculations can be reduced. 

[0106] Moreover, according to this embodiment, upon 
calculating weights used to form beams having null di- 
rectionality toward a terminal and maximum directional- 
ity toward a given area, since weights used to form 

30 beams'having null directionality toward the vicinities of 
the direction of the terminal are set as initial values, the 
number of required repetitive calculations can be re- 
duced. 

[0107] In addition, according to this embodiment, 
35 since weights used to form beams having null direction- 
ality toward a terminal and maximum directionality to- 
ward areas which are separated by the area to which 
the terminal belongs of those except for the area to 
which the terminal belongs are calculated, maximum di- 
40 rectionality is separated a predetermined angle or mor 
from null, thus setting the gain difference between max- 
imum directionality and null to be a predetermined value 
or more. 

45 (Third Embodiment) 

[0108] In the third embodiment, the present invention 
is applied to an IEEE802.11 wireless LAN system using 
CSMA/CA. Since the conventional IEEE802.11 wireless 

50 LAN system using CSMA/CA does not make integrated 
control of packet transmission, as described above, it is 
difficult to obtain a situation in which only a terminal to 
be suppressed or base station transmits packets. As a 
result, a terminal of the self cell transmits packets in 

55 piac of the terminal or base station to be suppressed, 
and unwanted beams that suppress such packets are 
formed. This embodiment solves this problem. 
[0109] FIG. 18 shows an example of a wireless com- 
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munication system according to the third embodiment 
of the present invention. 

[0110] Base stations (AP) 111 to 114, 211 to 21 4, and 
31 1 to 31 4 r spectively compris transmission adaptive 
arrays (transmission SA) 131 to 134, 231 to 234, and 
331 to 334 and reception adaptive arrays (reception SA) 
141 to 144, 241 to 244, and 341 to 344, which share 
array antennas 101 to 104, 201 to 204, and 301 to 304. 
[0111] in FIG. 18, the transmission and reception 
adaptive arrays share the array antennas. Alternatively, 
the transmission and reception adaptive arrays may use 
independent array antennas. 

[0112] An arbitrary location in a cell is covered by 
transmission and reception beams formed by the adap- 
tive arrays of at least one AP. With this arrangement, 
terminals (STA) 121 to 124, 221 to 224, and 321 to 324 
located at arbitrary locations in cells can communicate 
with corresponding APs. 

[0113] This embodiment will exemplify a case where- 
in interference waves from the APs 31 2 and 21 2, which 
become interference sources for the AP 112 that uses 
Ch7, are reduced lower than the carrier sense level by 
the reception SA 142. 

[0114] The reason why objects to be suppressed are 
limited to APs, and the suppression level is limited to the 
carrier sense level is to reduce the required number of 
antenna elements, and to reduce the apparatus scale. 
Although the objects to be suppressed are limited, if the 
AP traffic is heavier than the STA, as packet transmis- 
sion delay of the AP due to carrier sense of packets sent 
from a neighboring AP mainly deteriorates the through- 
put of the entire system, the effect of improving the 
throughput according to the present invention is great. 
[0115] FIG. 19 shows a beam control method of the 
SA 1 42 in the third embodiment of the present invention. 
[0116] A transmission beam of the transmission SA 
1 32, a reception beam of the reception SA 1 42, a trans- 
mission beam of the transmission SA 131 , and a recep- 
tion beam of the reception SA 141 are set to cover a 
single area. 

[0117] Also, a transmission beam of the transmission 
SA 232, a reception beam of the reception SA 242, a 
transmission beam of the transmission SA 231, and a 
reception beam of the reception SA 241 are set to cover 
a single area. 

[0118] Furthermore, a transmission beam of the 
transmission SA332, a reception beam of the reception 
SA 342, a transmission beam of the transmission SA 
331 , and a reception beam of the reception SA 341 are 
set to cover a single area (step 101). 
[0119] With this arrangement, roaming of the STAs 
122, 222, and 322 to the APs 111 , 211 , and 311 can be 
made. 

[0120] Subsequently, packet transmission from the 
transmission SAs 132, 232, and 332 is suspended for 
time T (step 1 02). In this way, since th STAs 1 22, 222, 
and 322 cannot communicate with the APs 112, 212, 
and 312, they roam to the APs 112, 212, and 312 aft r 



a predetermined period of time. 

[0121] It is checked if the STAs 122, 222, and 322 re- 
spectively roam to the APs 1 1 2, 21 2, and 31 2 (step 1 03). 
This operation can be made if the MAC layer can be 

5 monitor d. 

[0122] After confirmation of roaming to the STAs 122, 
222, and 322, packet transmission from the transmis- 
sion SA 132 is suspended (step 104). In this manner, 
since the AP 112 whose beam control is underway 

10 sends no beacon, roaming from the STAs to the A P 112 
can be prevented. 

[0123] The reception SAs 242 and 342 are set not to 
receive any packets (step 105). More specifically, the 
reception SAs 242 and 342 may be disconnected from 

15 the APs 212 and 31 2 by switches. Alternatively, the re- 
ception gains of the reception SAs 242 and 342 may be 
lowered. In this way, since the back-off process of the 
APs 212 and 312 due to carrier sense can be avoided, 
a problem of packet transmission delay can be solved. 

20 [01 24] The transmission SAs 232 and 332 send multi- 
cast packets (step 1 06). In this manner, since the multi- 
cast packets do not require any ACK reception from the 
STAs, and the back-off process due to ACK non-recep- 
tion can be avoided, a problem of packet transmission 

25 delay can be solved. Especially, this embodiment is ef- 
fective when the reception SAs 242 and 342 are set not 
to receive any packets. 

[0125] Thegainofthe reception beam of the reception 
SA 142 in the main lobe direction is constrained (step 
30 107). 

[0126] Beam control is made based on the direction- 
constrained power minimization method, so that the re- e 
ception power after combining of the reception SA 142 
becomes equal to or lower than the carrier sense level 
35 (step 108). 

[0127] This embodiment uses the direction-con- 
strained power minimization method as a beam control 
algorithm. This algorithm suppresses all received sig- 
nals as interference while maintaining a gain in a spe- 
40 cific direction. Therefore, when a situation in which only 
interference waves from only the APs 212 and 312 ar- 
rive is formed, and the direction -constrained power min- 
imization method is used, a beam that covers a specific 
area in the self cell and removes interference waves 
45 from the APs 212 and 312 can be formed. 

[0128] With this control method, the number of inter- 
ference waves as objects to be suppressed can be lim- 
ited to reduce the apparatus scale, a situation in which 
only interference waves as objects to be suppressed are 
50 present can be set, and a beam that removes these in- 
terference waves can be formed. 
[0129] Since the object to be suppressed is limited to 
a neighboring AP, this embodiment is particularly effec- 
tive when the AP traffic is heavier than the STA. Since 
>5 the suppression level is set to be less than the carri r 
sense level, pack t transmission delay of the AP due to 
carri rsens of packets sent from a neighboring AP can 
be avoided, thus improving the throughput of the ntir 
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system. 

[0130] In this embodiment, setups of the APs and 
transmission and reception SAs may be locally directly 
controlled or may b controlled by a controller that 
makes integrat d control. Upon making integrated con- 
trol, either wired or wireless control may be used. 
[0131] In this embodiment, a pair of transmission and 
reception SAs are provided to each AP. Alternatively, a 
plurality of APs may share a pair of transmission and 
reception SAs. 

[01 32] The internal arrangement of a controller of the 
adaptive array will be described below using FIG. 20. 
[0133] Reception signals received by an array anten- 
na 400 are respectively weighted by a reception beam 
forming circuit 404 to form a beam. The output from the 
r ception beam forming circuit 404 is input to a reception 
switch 405. When the reception switch is ON, the output 
from the reception beam forming circuit 404 is input to 
an AP 401 . 

[0134] A packet sent from the AP 401 is input to a 
transmission switch 402. When the transmission switch 
402 is ON, a signal sent from the AP 401 is input to a 
transmission beam forming circuit 403. After the input 
signal is weighted, that signal is transmitted from the ar- 
ray antenna, thus forming a beam. 
[0135] An interference generation unit 407 comprises 
a reception disconnector 408 and multi-cast packet 
transmission controller 409. The reception disconnector 
408 sets the reception switch 405 OFF. The multi-cast 
packet transmission controller 409 sends a command 
to the AP 401 to send a multi-cast packet. 
[0136] With this arrangement, when another AP con- 
trols weights to have the AP 401 as an interference 
source, since the AP 401 does not execute a back-off 
process due to carrier sense or ACK non-reception, a 
problem of packet transmission delay can be solved. 
[0137] An interference suppression unit 41 0 compris- 
es a transmission disconnector 41 1 and weight control- 
ler 412. The transmission disconnector 411 sets the 
transmission switch 402 OFF. The weight controller 41 2 
calculates and sets weights in the reception beam form- 
ing circuit 404 on the basis of the output from the recep- 
tion beam forming circuit 404. 

[0138] With this arrangement, when another AP con- 
trols weights to have the AP 401 as an interference 
source, since no beacon is sent to a terminal, the termi- 
nal can be prevented from subscribing the AP 401 
whose beam control is underway by roaming. There- 
fore, a situation in which no interference from the termi- 
nal is present can be formed. Also, the transmission sig- 
nal itself from the AP 401 can be prevented from being 
received by the array antenna 400 to adversely influ- 
ence the beam control. 

[0139] In this embodiment, the AP 401 is directly con- 
trolled by only the multi-cast packet transmission con- 
troller, but may be controlled via the backbone 406. In 
such cas , th AP 401 does not require any additional 
functions to implement this embodiment, and an existing 
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AP can be us d. Also, the int rference gen ration unit 
407 and interference suppression unit 410 can be con- 
trolled via the backbone 406. 

5 (Fourth Embodim nt) 

[0140] Since this embodiment is basically the same 
as the third embodiment, only a difference between this 
embodiment and the third embodiment will be mainly ex- 
10 plained below. 

[0141] FIG. 21 shows an example of a wireless com- 
munication system according to the fourth embodiment 
of the present invention. 

[0142] As shown in FIG. 21, this embodiment is dif- 

15 ferent from the third embodiment in that neighboring 
cells use different radio channels, and an arbitrary loca- 
tion in a cell is covered by transmission and reception 
beams formed by adaptive arrays of at least three APs. 
[0143] Since neighboring cells use different radio 

20 channels, the interference level from the neighboring AP 
lowers, resulting in a small interference suppression 
amount and a small apparatus scale. 
[0144] Since each cell is covered by three beams, the 
STA can roam to two APs upon beam control. 

25 [01 45] A case will be exemplified below wherein inter- 
ference waves from APs 21 1 , 21 2, 31 1 , and 31 2, which 
become interference sources for an AP 412 that uses 
Ch5, are reduced to less than the carrier sense level. 
STAs 422, 221 , 222, 321 , and 322, which are associated 

30 with APs 412, 211 , 212, 31 1 , and 312, can roam to APs 
421 or 413, 214, 213, 314, and 313. 
[01 46] According to the third and fourth embodiments 
of the present invention, since the object to be sup- 
pressed is limited to a neighboring AP, and the suppres- 

35 sion level is limited under the carrier sense level, the 
number of antenna elements can be reduced, and the 
apparatus scale can become small. Although the ob- 
jects to be suppressed are limited, if the AP traffic is 
heavier than the STA, as packet transmission delay of 

40 the AP due to carrier sense of packets sent from a neigh- 
boring AP mainly deteriorates the throughput of the en- 
tire system, the effect of improving the throughput ac- 
cording to the present invention is great. 
[0147] Since an arbitrary location in a cell is covered 

45 by transmission and reception beams of at least two 
APs, and the direction -constrained power minimization 
method is executed after roaming of the STA, a beam 
that suppresses a packet to be sent from the STA can 
be prevented from being formed. Also, the STA can 

50 communicate with another AP even during beam con- 
trol. 

[0148] Since an AP whose beam control is underway 
does not send any beacon, roaming of the STA can be 
prevented. 

55 [0149] Since the reception SA of an interfering AP is 
set not to rec iv any packet, the interf ring AP can be 
prevented from executing a back-off process due to car- 
rier sens , thus solving a problem of packet transmis- 
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sion delay. 

[0150] Since an interfering AP sends a multi-cast 
packet, which does not require ACK reception from the 
STA, and a back-off process du toACKnon-rec ption 
can be avoided, a probl m of pack t transmission delay s 
can be solved. 

[0151] Since neighboring cells use different radio 
channels, the interference level from a neighboring AP 
lowers, resulting in a small interference suppression 
amount and a small apparatus scale. 10 
[0152] Since an arbitrary location in a cell is covered 
by three beams, the STA can roam to two APs during 
beam control. 
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1 . A wireless communication system which allows si- 
multaneous communications with a plurality of ter- 
minals (T1 , T2, T3) by space-division multiplex ac- 20 
cess, characterized by comprising: 

a plurality of antenna elements (11,12,13,14) 
that receive a signal transmitted from the termi- 
nals (T1 , T2, T3); 25 
a plurality of beam forming units (51 ,52) config- 
ured to output reception signals corresponding 
- to beams having predetermined directionality 
patterns by weighting and combining reception 
signals received by said plurality of antenna el- 30 
ements (11,12,13,14); and 
a controller (7) configured to set weight vectors 
used to control weighting and combining in said 
plurality of beam forming units (51 ,52), wherein 
when said controller (7) receives a registration 35 
request from an unregistered terminal, said 
controller (7) calculates and stores at least one 
of said weight vectors used to form a beam hav- 
ing: 

40 

null directionality toward the unregistered 
terminal; and 

maximum directionality toward a specific 
area other than an area where the unreg- 
istered terminal is located of areas ob- 45 
tained by dividing a cover area covered by 
the wireless communication system. 

2. A system according to claim 1 , characterized in 
that upon calculating the weight vector for the un- so 
registered terminal, said controller (7) calculates 

the weight vector in correspondence with each of 
cases in which areas separated not less than a pre- 
determined angle from the area to which the termi- 
nal belongs are set as the specific area. 55 

3. A system according to claim 1 , haract rized in 
that upon calculating the weight vector for the un- 



regist red terminal, said controller (7) calculates 
th weight vector used to form the beam having null 
directionality toward the terminal by making pred - 
termined rep titive calculations on the basis of th 
reception signal from th terminal using a corre- 
sponding one of initial weight vectors which are pre- 
pared for the respective areas and are used to form 
beams having maximum directionality toward the 
areas as an initial value of the weight vector. 

4. A system according to claim 3, characterized in 
that said controller (7) stores terminal-area infor- 
mation indicating an area to which a registered ter- 
minal belongs and looks up the terminal-area infor- 
mation upon calculating the weight vector for the 
unregistered terminal, and if a registered terminal 
which belongs to the same area as the unregistered 
terminal is found, said controller (7) calculates the 
weight vectorforthe unregistered terminal usingth 
weight vector already calculated for the registered 
terminal as an initial value of the weight vector. 

5. A system according to claim 1 , characterized in 
that upon obtaining the area to which the terminal 
belongs, said controller (7) compares reception 
states of signals from the terminal when initial 
weight vectors which are prepared in advance for 
the respective areas and are used to form beams 
having maximum directionality toward the areas are 
set in the beam forming unit, and determines an ar- 
ea to which maximum directionality of a beam 
formed by a weight vector in a best reception state - 
of the signal from the terminal is pointed as the area 
to which the terminal belongs. 

6. A system according to claim 5, characterized in 
that the best reception state is a reception state with 
maximum reception power or signal to noise power 
ratio. 

7. A system according to claim 1 , characterized in 
that when said controller (7) simultaneously com- 
municates by space-division multiplex access with 
a first terminal which is located within a first area of 
the areas obtained by dividing the cover area cov- 
ered by the self system in accordance with direc- 
tion, and a second terminal which is located within 
a second area different from the first area, 

said controller (7) controls, for the first termi- 
nal, the beam forming unit which is to be associated 
with thefirstterminal using a first weight vector used 
to form a beam having null directionality toward the 
second terminal and maximum directionality toward 
the first area to which the first terminal belongs, and 

said controller (7) controls, for the s cond ter- 
minal, the beam forming unit which is to be associ- 
ated with th second terminal using a second 
w ight vector us d to form a beam having null di- 
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rectionality toward the first terminal and maximum 
directionality toward the second ar a to which the 
second terminal belongs. 

8. A weight control apparatus for an adaptiv array 5 
which comprises a plurality of beam forming units 
(51 ,52) for outputting reception signals correspond- 
ing to beams having predetermined directionality 
patterns by weighting and combining reception sig- 
nals received by a plurality of antenna elements 10 
(11 ,12,13,14), characterized by comprising: 

a storage unit configured to store weight vec- 
tors which can be set in the beam forming units 
(51 ,52) and are used to control weighting and « 
combining; 

a unit configured to select and set predeter- 
mined ones of the weight vectors stored in said 
storage unit in the plurality of beam forming 
units (51 ,52), respectively; and 20 
a unit configured to calculate a weight vector 
used to form a beam having null directionality 
toward a terminal for which the weight vector is 
to be registered, and maximum directionality to- 
ward a specific area other than an area where 25 
that terminal is located of areas obtained by di- 
viding a cover area covered by the antenna el- 
ements (11,12,13,14). 

9. A weight vector generation method of generating a 30 
weight vector used to control weighting and com- 
bining upon obtaining reception signals corre- 
sponding to beams having predetermined direction- 
ality patterns by weighting and combining reception 
signals received by a plurality of antenna elements 35 
(11,12,13,14), the method characterized by com- 
prising: 

obtaining an area in which a terminal for which 
the weight vector is to be generated is located *o 
of a plurality of areas obtained by dividing a 
cover area covered by the plurality of antennas 
in accordance with direction; and 
calculating the weight vector used to form a 
beam having: 45 

null directionality toward the terminal; and 
maximum directionality toward a specific 
area other than the area where that termi- 
nal is located of the plurality of divided ar- so 
eas. 

10. A wireless communication system for making pack- 
et transmission control based on carrier sense, 
characteriz d by comprising: 55 

a plurality of cells each of which includ s 

a plurality of wireless base stations 



(AP111, AP112, AP314) which use radio 
channels that do not interf re with ach other, 
and 

at I ast one wire! ss terminal (STA122) for 
communicating with the wireless base station 
(AP112), 

each wireless base station includes: 

a transmission adaptive array (SA132) for 
making transmission beam control; and 
a reception adaptive array (SA142) for 
making reception beam control, 
said reception adaptive array (SA1 42) re- 
ducing an interference wave from the wire- 
less base station in a neighboring cell that 
uses a radio channel which becomes an in- 
terference source to not more than a carrier 
sense level, and 

an arbitrary location in the cell being cov- 
ered by a transmission beam formed by 
said transmission adaptive array (SA132) 
and a reception beam formed by said re- 
ception adaptive array (SA142) of at least 
one wireless base station. 

11. A system according to claim 10, characterized in 
that the neighboring cells use different radio chan- 
nels. 

12. A system according to claim 10, characterized in 
that the arbitrary location in the cell is covered by 
transmission beams formed by the transmission 
adaptive arrays (SA131, SA132) and reception 
beams formed by the reception adaptive arrays 
(SA141 , SA142) of at least two wireless base sta- 
tions (AP111, AP112). 

13. A method of controlling an adaptive array (SA142) 
for a wireless base station (AP112), 

wherein after a wireless terminal (STA122) 
which communicates with the wireless base station 
(AP112) roams to another wireless base station 
(AP111), and the wireless terminal (STA222) which 
communicates with a wireless base station (AP21 2) 
in a neighboring cell that uses a radio channel which 
becomes an interference source roams to another 
wireless base station (AP211), 

a reception adaptive array (SA142) of the 
wireless base station (AP112) makes beam control 
to suppress reception power after combining of the 
reception adaptive array (SA1 42) to less than a car- 
rier sense level while the wireless base station 
(AP212) in the neighboring cell that uses the radio 
channel which becomes the interference source 
sends a pack t. 

14. A method according to claim 13, characterized in 
that suspension of pack t transmission by the wir - 
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less base station (AP112) for a predetermined p - 
riod of time makes the radio terminal (STA122), 
which communicates with the wireless base station 
(AP112), roam to another wirel ss base station 
(AP111). 5 

1 5. A method of controlling an adaptive array for a wire- 
less base station, 

wherein a reception adaptive array (SA142) 
of a wireless base station (AP112) makes beam 10 
control to suppress reception power after combin- 
ing of the reception adaptive array (SA142) to not 
more than a carrier sense level while a wireless 
base station (AP212) in a neighboring cell that uses 
a radio channel which becomes an interference is 
source sends a multi-cast packet. 

16. A method according to claim 15, characterized in 
that the wireless base station (AP21 2) in the neigh- 
boring cell that uses the radio channel which be- 20 
comes the interference source sends the multi-cast 
packet while setting the reception adaptive array 
(SA242) not to receive any packet. 

1 7. An adaptive array connected to a wireless base sta- 25 
tion for making packet transmission control based 

on carrier sense, characterized by comprising: 

a plurality of antenna elements (400) that re- 
ceive signals; 30 
a reception beam forming circuit (404) to form 
a beam by weighting reception signals received 
by said plurality of antennas (400); 
a reception level suppression unit (41 0) config- 
ured to suppress an output level of said recep- 35 
tion beam forming circuit to not more than a pre- 
determined value, and to provide the output 
thereof to the wireless base station; 
a transmission level suppression unit (410) 
configured to suppress an output level from the 40 
wireless base station to not more than a prede- 
termined value; 

a transmission beam forming circuit (403) to 
form a beam by weighting the output from said 
transmission level suppression unit; and 45 
an interference generation unit (407) config- 
ured to generate an interference for sending a 
packet irrespective of the reception signals re- 
ceived by said plurality of antenna elements 
(400). 50 



beam forming circuit to not mor than the pr - 
det rmined value; and 

a multi-cast packet transmission controll r 
(409) configured to issue a command to the 
wirel ssbas station to send a multi-cast pack- 
et. 

1 9. An adaptive array connected to a wireless base sta- 
tion for making packet transmission control based 
on carrier sense, characterized by comprising: 

a plurality of antenna elements (400) that re- 
ceive signals; 

a reception beam forming circuit (404) to form 
a beam by weighting reception signals received 
by said plurality of antennas; 
a reception level suppression unit (41 0) config- 
ured to suppress an output level of said recep- 
tion beam forming circuit to not more than a pre- 
determined value, and to provide the output 
thereof to the wireless base station; 
a transmission level suppression unit (410) 
configured to suppress an output level from the 
wireless base station to not more than a prede- 
termined value; 

a transmission beam forming circuit (403) to 
form a beam by weighting the output from said 
transmission level suppression unit; and 
an interference suppression unit (407) config- 
ured to calculate and set a weight to be set in 
said reception beam forming circuit on the basis 
of the output from said reception beam forming 
circuit while no packet is sent from said plurality 
of antenna elements. 

20. An adaptive array according to claim 19, charac- 
terized in that said interference suppression unit 
comprises: 

a transmission disconnector (411) configured 
to control said transmission level suppression 
unit to suppress the output level from the wire- 
less base station to not more than the prede- 
termined value; and 

a weight controller (41 2) configured to calculate 
and set the weight to be set in said reception 
beam forming circuit on the basis of the output 
form said reception beam forming circuit. 



18. An adaptive array according to claim 17, charac- 
terized In that said interference generation unit 
(407) comprises: 

a reception disconnector (408) configured to 
control said reception level suppression unit to 
suppress the output lev I of said reception 
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